Experience of Mass-Scale Production of KEK B-factory Correction Magnets by Durnov, P et al.
Kb[bjkdh_ hl^_e_gb_ Jhkkbckdhc :dZ^_fbb gZmd









Hiul djmighk_jbcgh]h ba]hlh\e_gby dhjj_dlbjmxsbo
fZ]gblh\ ^ey <nZ[jbdb D?D
I:>mjgh\ <OE_\ KNFboZceh\ <<I_ljh\





>ey <nZ[jbdb D?D< Pmdm[Z Yihgby ba]hlh\e_gZ djmigZy k_jby dhjj_d-
lbjmxsbo fZ]gblh\ < jZ[hl_ ih^jh[gh hibku\Z_lky ijhp_kk ba]hlh\e_gby b
baf_j_gbc dhjj_dlhjh\ Ijb\h^ylky j_amevlZlu fZ]gblguo baf_j_gbc k ZgZebahf
\hafh`guo ijbqbg jZa[jhkh\ iZjZf_ljh\ fZ]gblh\
:bstract
Experience of mass-scale production
of KEK B-factory correction magnets
3'XUQRY 9/HY 60LNKDLORY 93HWURY
Budker Institute of Nuclear Physics, 630090 Novosibirsk, Russia
M.Masuzawa
KEK High Energy Accelerator Research Organization, Tsukuba, Japan
A large batch of correction magnets for the KEKB B-factory (Tsukuba, Japan) has
been manufactured at BINP. The process of manufacturing and measuring these magnets
is described in detail. The results of magnetic measurements and possible reasons causing
the dispersion of magnetic parameters are described.
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_________________________________________________________________
<\_^_gb_
< ± ]] BYN hkms_kl\be ijh_dlbjh\Zgb_ b ba]hlh\e_gb_
]hjbahglZevguo dhjj_dlbjmxsbo fZ]gblh\ ^ey <nZ[jbdb D?D< Yihgby
JZ[hlZ ijh^he`ZeZkv \ l_q_gb_ ihemlhjZ e_l AZ \j_fy jZ[hlu [ueb
ba]hlh\e_gu q_luj_ lbiZ dhjj_dlhjh\ h[sbf dhebq_kl\hf  fZ]gbl Wlb
fZ]gblu [ueb mklZgh\e_gu gZ ihabljhgghf dhevp_ /(5 k wg_j]b_c  =w<
b we_dljhgghf dhevp_ +(5 k wg_j]b_c  =w< <nZ[jbdb D?D< >ey
dZ`^h]h ba dhe_p ba]hlZ\eb\Zehkv ih ^\Z lbiZ fZ]gblh\  h^bg lbi fZ]gblh\
^ey mklZgh\db gZ ijyfhebg_cghf ijhf_`mld_ k mkdhjyxsbfb j_ahgZlhjZfb,
^jm]hc lbi - ^ey hklZevguo f_kl dhevpZ < khhl\_lkl\bb k lbiZfb fZ]gblh\
[ueb ml\_j`^_gu bo gZa\Zgby /(5B$5& /(5B5) +(5B$5& b +(5B5)
Wlbfb h[hagZq_gbyfb fu b [m^_f ihevah\Zlvky \ ^Zevg_cr_f
<i_j\u_ \ bgklblml_ ijh\h^beZkv klhev jZklygmlZy \h \j_f_gb jZ[hlZ ih
ba]hlh\e_gbx lZdhc fgh]hqbke_gghc iZjlbb ba^_ebc dhlhjZy lj_[h\ZeZ
khojZg_gby klZ[bevghklb fZ]gblguo iZjZf_ljh\ k \ukhdhc Z[khexlghc
lhqghklvx Ihwlhfm hiul wlhc jZ[hlu ih fg_gbx Z\lhjh\ fh`_l [ulv
ihe_a_g \ [m^ms_f
 IZjZf_lju fZ]gblh\
Hkgh\gu_ iZjZf_lju dhjj_dlbjmxsbo fZ]gblh\ \aylu_ aZ hkgh\m ijb
ijh_dlbjh\Zgbb fZ]gblh\ ijb\_^_gu \ LZ[ebp_ 
JZkqzlu ]_hf_ljbb fZ]gblh\ ijh\h^bebkv kgZqZeZ ^\mof_jguf
\ZjbZglhf ijh]jZffu 0(50$,'' Z aZl_f ljzof_jguf \ZjbZglhf
0(50$,''
< ^Zgghf kemqZ_ ^\mof_jguc jZkqzl ihey hdZaZeky g_^hklZlhqguf baaZ
lh]h qlh \hi_j\uo \k_ q_luj_ lbiZ fZ]gblh\ bf_xl [hevrb_ Zi_jlmju
hlghkbl_evgh bo ^ebg ihwlhfm \_kvfZ kms_kl\_gguf klZgh\blky \ebygb_
djZ_\uo ihe_c gZ dhgnb]mjZpbx ihey \ jZ[hq_c qZklb qlh g_ fh`_l
mqblu\Zlv ^\mof_jgZy fh^_ev \h\lhjuo ijb ^\mof_jghf jZkqzl_ g_
mqblu\Z_lky gZebqb_ rbolh\db `_e_aZ \ fZ]gbl_ qlh kms_kl\_ggh
kdZau\Z_lky gZ j_amevlZl_ jZkqzlZ hkh[_ggh ijb [hevrbo Zi_jlmjZo
fZ]gblh\
K ihfhsvx fZl_fZlbq_kdh]h fh^_ebjh\Zgby [ueb \u[jZgu nhjfZ b
jZaf_ju rbfh\ lZdbf h[jZahf qlh[u h[_ki_qblv fZdkbfZevgmx
h^ghjh^ghklv bgl_]jZeZ fZ]gblgh]h ihey \^hev hkb imqdZ \ jZ[hq_c h[eZklb
fZ]gblZ
< ijhp_kk_ ijh_dlbjh\Zgby [ueh ijh\_^_gh bkke_^h\Zgb_ \ebygby
rbolh\db fZ]gblhijh\h^Z gZ \_ebqbgm bgl_]jZeZ fZ]gblgh]h ihey
J_amevlZlu ihdZaZeb qlh ijb fZeuo \_ebqbgZo hlghr_gby ^ebgu fZ]gblZ d
fZ]gblghfm aZahjm \_kvfZ kms_kl\_gguf klZgh\blky \ebygb_ hlebqby
fZ]gblgh]h khijhlb\e_gby yjfZ \ ijh^hevghf b ihi_j_qghf gZijZ\e_gbyo
gZ bgl_]jZe ihey fZ]gblZ LZdh_ hlebqb_ \hagbdZ_l baaZ hlebqby











Ihegh_ qbkeh fZ]gblh\    
Wg_j]by qZklbp =w<    
M]he ih\hjhlZ fjZ^    
Bgl_]jZe ihey =k×kf    
0D]gblgh_ ihe_ \ p_glj_ =k    
Lhqghklv \ Zi_jlmj_ ±ff ± ± ± ±
>ebgZ rbolh\Zggh]h
fZ]gblhijh\h^Z
ff    
AZahj \ p_glj_ fZ]gblZ ff    
IhegZy ^ebgZ fZ]gblZ ff    
AZahj f_`^m rbfZfb ff    
Qbkeh h[fhlhd    
Qbkeh \bldh\ \ h[fhld_    
Lhd \ha[m`^_gby :    
K ihfhsvx ijh]jZffu 0(50$,'' ijh\h^behkv lZd`_
bkke_^h\Zgb_ \ebygby iheh`_gby \ha[m`^Zxsbo dZlmr_d gZ
fZ]gblhijh\h^_ gZ iZjZf_lju fZ]gblgh]h ihey dhjj_dlhjh\ < ^Zgghc
dhgkljmdpbb fZ]gblh\ wlh \ebygb_ hdZaZehkv ij_g_[j_`bfh fZeuf qlh
iha\hebeh agZqbl_evgh kgbablv lj_[h\Zgby gZ k[hjdm wlhc qZklb fZ]gblZ
2. Dhgkljmdpby fZ]gblh\
<k_ q_luj_ lbiZ fZ]gblh\ [ebadb ih dhgkljmdpbb b l_ogheh]bb
ba]hlh\e_gby b hlebqZxlky ^jm] hl ^jm]Z lhevdh jZaf_jZfb Dhgkljmdlb\gh
ba^_eb_ khklhbl ba kh[kl\_ggh kZfh]h fZ]gblZ b j_]mebjm_fhc ih^klZ\db GZ
Jbk bah[jZ`zg ^ey ijbf_jZ h[sbc \b^ dhjj_dlbjmxs_]h fZ]gblZ
+(5B5)
Jbk H[sbc \b^ fZ]gblZ lbiZ +(5B5)
DZ`^uc fZ]gbl khklhbl ba rbolh\Zggh]h Kh[jZagh]h fZ]gblhijh-
\h^Z [] b ^\mo \ha[m`^Zxsbo h[fhlhd [] FZ]gblhijh\h^ kh[jZg ba         
Kh[jZaguo ieZklbg ihemq_gguo rlZfih\dhc ba ebklh\ we_dljhl_ogbq_kdhc
klZeb  lhesbghc  ff =HKL ² gZ ki_pbZevguo
ij_pbabhgguo rlZfiZo aZ\h^ A<B ]Fhkd\Z b aZ\h^
KB;L?DKLBEVF:R ]Gh\hkb[bjkd Ih djZyf fZ]gblhijh\h^Z mklZgZ\-
eb\Zxlky dhgp_\u_ ieZklbgu ba g_j`Z\_xs_c klZeb OGL
FZ]gblhijh\h^ kh[bjZ_lky gZ ki_pbZevghf klZi_e_ b kly]b\Z_lky r_klvx
klZevgufb ribevdZfb
H[fhldb \ha[m`^_gby fZ]gblh\ jZkkqblu\Zebkv b ijh_dlbjh\Zebkv
bkoh^y ba hkgh\guo iZjZf_ljh\ dhjj_dlbjmxsbo fZ]gblh\ ;ueb
hij_^_e_gu ]_hf_ljby h[fhlhd qbkeh \bldh\ b bo iheh`_gb_ gZ
fZ]gblhijh\h^_ ^ey dZ`^h]h lbiZ dhjj_dlhjh\ Bkoh^y ba \_ebqbgu lhdZ
\ha[m`^_gby : b ba ]_hf_ljbb h[fhlhd hkgh\gZy hij_^_eyxsZy \_ebqbgZ
± lhesbgZ h[fhldb [ueb \u[jZgu ^bZf_lj b lbi f_^gh]h ijh\h^Z
dhlhjuf fhlZebkv h[fhldb
H[fhldb dhjj_dlhjh\ \k_o lbih\ gZfhlZgu ijh\h^hf IW< ∅
=HKL  dhlhjuc bf__l fZdkbfZevgh ^himklbfmx jZ[hqmx l_fi_-
jZlmjm °K H[fhldb ijhiblZgu wihdkb^guf dhfiZmg^hf WID> k
fZdkbfZevghc jZ[hq_c l_fi_jZlmjhc °K I_j_iZ^ l_fi_jZlmj ih lhesbg_
h[fhldb khklZ\ey_l ∆W ≤°K ^ey h[fhlhd lbiZ /(5 b ∆W ≤°& ^ey lbiZ
+(5 J_amevlZlu jZkqzlh\ [ueb ih^l\_j`^_gu ijb bkiulZgbyo h[fhlhd k
ohjhr_c lhqghklvx
H[fhldb fhlZxlky p_evguf ijh\h^hf [_a ijhf_`mlhqguo iZ_d gZ
ki_pbZevghf gZfhlhqghf ijbkihkh[e_gbb dhlhjh_ bf__l mkljhckl\h ^ey
gZly`_gby ijh\h^Z b ^Zlqbd baf_j_gby ihegh]h qbkeZ gZfhlZgguo \bldh\
GZ klZevghc d_jg ij_^\Zjbl_evgh mdeZ^u\Z_lky kl_dehe_glZ EWK ×
=HKL  \ ^\Z kehy Z hl [hdh\uo szd ijbkihkh[e_gby h[fhldZ
bahebjh\ZgZ ki_pbZevgufb ijhdeZ^dZfb ba kl_dehl_dklheblZ KLWN
=HKL  lhesbghc  ff < dZq_kl\_ f_`keh_\hc baheypbb
bkihevam_lky dZ[_evgZy [mfZ]Z D
H[uqgh ijb gZfhld_ lZdh]h jh^Z h[fhlhd ijhbkoh^bl agZqbl_evgh_
©jZkimr_gb_ª m\_ebq_gb_ lhesbgu h[fhldb hkh[_ggh ih ^ebgghc __
klhjhg_ Ihkdhevdm ]Z[Zjblu h[fhldb `zkldh h]jZgbq_gu lh ^ey
mf_gvr_gby jZkimr_gby ijbf_gy_lky mkljhckl\h ^ey gZly`_gby ijh\h^Z
ijb dhlhjhf gZijy`_gb_ \ ijh\h^_ ijb gZfhld_ [hevr_ ij_^_eZ l_dmq_klb
fZl_jbZeZ gZ  KbeZ gZly`_gby dhgljhebjm_lky ki_pbZevguf
^bgZfhf_ljhf b \u[hjhqgufb baf_j_gbyfb Mf_gvr_gb_ ^bZf_ljZ ijh\h^Z
\ ijhp_kk_ gZfhldb ijZdlbq_kdb khklZ\ey_l  ±  ff Ihke_ gZfhldb
gZ gZjm`ghc ih\_joghklb h[fhldb mdeZ^u\Zxlky _sz ^\Z kehy kl_dehe_glu
aZl_f baf_jyxlky khijhlb\e_gb_ h[fhldb b _z ]Z[Zjblu.
=hjyqZy ijhibldZ h[fhldb hkms_kl\ey_lky wihdkb^guf dhfiZmg^hf
f_lh^hf ©Fhgheblª l_ogheh]bq_kdZy bgkljmdpby ILH Ihke_
ijhibldb ba^_eb_ aZqbsZ_lky ihdju\Z_lky wihdkb^guf eZdhf WI
=HKL  b hlijZ\ey_lky \ ]jmiim bkiulZgby b dhgljhey ]^_
hdhgqZl_evgh ijh\_jyxlky ]_hf_ljbq_kdb_ f_oZgbq_kdb_ b we_dljbq_kdb_
k\hckl\Z ba^_eby Z lZd`_ ijhba\h^blky ijh\_jdZ gZ hlkmlkl\b_
dhjhldhaZfdgmluo \bldh\
H[fhldb `zkldh dj_iylky gZ fZ]gblhijh\h^_ k ihfhsvx ki_pbZevguo
baheypbhgguo \deZ^ur_c lZd qlh[u h[_ki_qblv fZdkbfZevgmx l_iehhl^Zqm
k gZjm`guo ih\_joghkl_c h[fhlhd
J_]mebjm_fZy ih^klZ\dZ [] \uiheg_gZ \ \b^_ klZevghc pbebg^jbq_kdhc
hihju [Zabjmxs_cky gZ klZevghc ieZklbg_ J_]mebjh\hqguc f_oZgbaf []
jZkiheh`_gguc gZ \_jog_c iebl_ ih^klZ\db h[_ki_qb\Z_l ]_h^_abq_kdmx
\uklZ\dm fZ]gblZ \ ij_^_eZo ± ff ih \ukhl_ b ± ff \ ]hjbahglZevghc
iehkdhklb Dhjj_dlbjmxsbc fZ]gbl mklZgZ\eb\Z_lky gZ j_]mebjm_fmx
ih^klZ\dm gZ q_lujzo klhcdZo ba g_j`Z\_xs_c klZeb ^bZf_ljhf  ff b
\ukhlhc  ff LZdbf h[jZahf hkms_kl\ey_lky jZaju\ fZ]gblgh]h ihlhdZ
f_`^m fZ]gblhijh\h^hf b klZevghc dhgkljmdpb_c j_]mebjm_fhc ih^klZ\db
3. L_ogbq_kdbc dhgljhev ijb ba]hlh\e_gbb
L_ogbq_kdbc dhgljhev \ ijhp_kk_ ba]hlh\e_gby fZ]gblh\ \dexqZe \ k_[y
p_euc jy^ f_jhijbylbc
<\b^m [hevrh]h dhebq_kl\Z ba^_ebc k fZdkbfZevgh [ebadbfb
oZjZdl_jbklbdZfb gZ ijhba\h^kl\_ [ueZ hj]Zgbah\ZgZ ki_pbZevgZy
l_ogheh]bq_kdZy ebgby k ijh\_jdhc wdkiemZlZpbhgguo k\hckl\ ba^_ebc gZ
dZ`^hf wlZi_ ba]hlh\e_gby
I_j_^ rlZfih\dhc ieZklbg ^ey ba]hlh\e_gby fZ]gblhijh\h^h\
ijh\h^beZkv ijh\_jdZ fZ]gblguo oZjZdl_jbklbd b dZq_kl\Z we_dljh-
baheypbhggh]h ihdjulby jmehgh\ we_dljhl_ogbq_kdhc klZeb Jmehgu klZeb
beb bo qZklb g_ m^h\e_l\hjyxsb_ mklZgh\e_gguf lj_[h\Zgbyf g_
^himkdZebkv d rlZfih\d_ <h \j_fy rlZfih\db ijh\h^beky g_ij_ju\guc
dhgljhev dZq_kl\Z rlZfiZ k i_jbh^bq_kdhc i_j_rebnh\dhc Ihke_
rlZfih\db ieZklbgu ijh\_jyebkv gZ hlkmlkl\b_ aZmk_g_p Z lZd`_
dhgljhebjh\Zebkv bo f_oZgbq_kdb_ jZaf_ju

K[hjdZ fZ]gblhijh\h^Z hkms_kl\eyeZkv gZ ki_pbZevgh ba]hlh\e_gghf
klZi_e_ \ jZfdZo `zkldbo f_oZgbq_kdbo ^himkdh\ <h \j_fy k[hjdb
dhgljhebjh\Zehkv qbkeh ebklh\ rbolh\db b iheguc \_k rbolh\Zgguo
ieZklbg ihklhyggh dhgljhebjh\Zebkv ]_hf_ljbq_kdb_ jZaf_ju hldehg_gb_
hl ijyfhebg_cghklb b iehkdhklghklb ih\_joghkl_c nhjfbjmxsbo
fZ]gblgh_ ihe_ mkbeb_ k`Zlby rbolh\Zggh]h fZ]gblhijh\h^Z >ey
fZ]gblhijh\h^h\ ih^h[gh]h lbiZ j_dhf_g^m_lky h[_ki_qblv m^_evgh_
^Z\e_gb_ k`Zlby ÷ d]Ff Djhf_ lh]h g_h[oh^bfh [ueh h[_ki_qblv
hldehg_gb_ hl ghfbgZevghc ^ebgu fZ]gblZ g_ [he__ ± ff b dhwnnbpb_gl
aZiheg_gby  G_h[oh^bfh_ mkbeb_ k`Zlby h[_ki_qb\Zehkv b dhgljheb-
jh\Zehkv k ihfhsvx ^bgZfhf_ljbq_kdh]h dexqZ
Ihke_ ba]hlh\e_gby h[fhlhd fZ]gblh\ ijh\h^bebkv hdhgqZl_evgu_
dhgljhevgu_ bkiulZgby J_amevlZlu baf_j_gby khijhlb\e_gby h[fhldb
ijb\h^bebkv d klZg^Zjlghc l_fi_jZlmj_ °K DZ`^Zy dZlmrdZ kjZ\gb\ZeZkv
gZ h^bgZdh\hklv qbkeZ \bldh\ k wlZehgghc dZlmrdhc >ey wlhc p_eb [ue
jZajZ[hlZg b ba]hlh\e_g ijb[hj Z\lhj AZjm^g_\ X< dhlhjuc iha\heye
gZ^_`gh dhgljhebjh\Zlv qbkeh \bldh\ \ ba]hlZ\eb\Z_fuo dZlmrdZo k
lhqghklvx ^h h^gh]h \bldZ K ihfhsvx ki_pbZevgh jZajZ[hlZggh]h ijb[hjZ
Z\lhj Ebl\bgh\ :: ijh\_jyehkv hlkmlkl\b_ dhjhldhaZfdgmluo \bldh\ \
h[fhldZo
D dZ`^hfm fZ]gblhijh\h^m b d dZ`^hc h[fhld_ ijbeZ]Zeky l_ogbq_kdbc
iZkihjl ]^_ nbdkbjh\Zebkv j_amevlZlu dhgljhey iZjZf_ljh\ gZ dZ`^hf
wlZi_ ba]hlh\e_gby gZ dZ`^hf wlZi_ [ue mdZaZg bkihegbl_ev b dhgljhezj
HdhgqZl_evgZy ijbzfdZ dZ`^h]h ba^_eby ijh\h^beZkv ij_^klZ\bl_e_f
]jmiiu dhgljhey b bkiulZgbc ihke_ dhfie_dkghc ijh\_jdb ]_hf_ljbq_kdbo
f_oZgbq_kdbo b we_dljbq_kdbo k\hckl\ ba^_eby
Dhfie_dkguc dhgljhev ijb ba]hlh\e_gbb hdZaZeky hq_gv wnn_dlb\guf
Ih^l\_j`^_gb_f kem`bl lhl nZdl qlh ijb ba]hlh\e_gbb k_jbb dhjj_dlb-
jmxsbo fZ]gblh\ q_lujzo lbih\ b h[s_c qbke_gghklvx  rl \dexqZy
 aZiZkguo fZ]gblh\ [jZdh\Zgguf hdZaZeky lhevdh h^bg fZ]gbl
4. FZ]gblgu_ baf_j_gby
Ijh]jZffZ klZg^Zjlguo fZ]gblguo baf_j_gbc \dexqZeZ \ k_[y
baf_j_gb_ jZkij_^_e_gby fZ]gblgh]h ihey \ f_^bZgghc iehkdhklb k rZ]hf
 ff \ bgl_j\Ze_ ± ff ih jZ^bmkm b ± ff \^hev hkb imqdZ ijb lhd_
\ha[m`^_gby  : ± ^ey \k_o fZ]gblh\ Ihfbfh wlh]h ^ey g_kdhevdbo

kemqZcgh \u[jZgguo fZ]gblh\ ba dZ`^hc iZjlbb \  fZ]gblh\
ijh\h^behkv baf_j_gb_ jZkij_^_e_gby fZ]gblgh]h ihey \ f_^bZgghc
iehkdhklb k rZ]hf  ff \ bgl_j\Ze_ ± ff ih jZ^bmkm b ± ff \^hev
hkb imqdZ ijb lhd_ \ha[m`^_gby hl  ^h  : k rZ]hf  :
Baf_j_gby ijh\h^bebkv ^ZlqbdZfb OheeZ h[t_^bgzggufb \
ijhkljZgkl\_ggmx fZljbpm < fZljbp_ kh[jZgu  ^Zlqbdh\ \ukljh_gguo
ihi_jzd hkb baf_jy_fh]h we_f_glZ k bgl_j\Zehf  ff LZdbf h[jZahf
iheguc aZo\Zlu\Z_fuc ^bZiZahg aZ h^bg ijhoh^ jZ\_g  ff >Zlqbdb
OheeZ gZde__gu gZ f_^gmx dZj_ldm \uiheg_ggmx k \ukhdhc f_oZgbq_kdhc
lhqghklvx < l_q_gb_ baf_j_gby dZj_ldZ i_j_f_sZ_lky kdhevabl \^hev hkb
baf_jy_fh]h we_f_glZ ih ki_pbZevghc gZijZ\eyxs_c F_oZgbq_kdZy
lhqghklv ba]hlh\e_gby gZijZ\eyxsbo \ kh\hdmighklb k lhqghklvx agZgby
dhhj^bgZl ^Zlqbdh\ \ dZj_ld_ h[_ki_qb\Z_l ijb\yadm ^Zlqbdh\ d hihjguf
ih\_joghklyf we_f_glh\ k lhqghklvx g_ om`_  fdf
<k_ lbiu baf_jy_fuo fZ]gblh\ bf_xl fZeu_ ^ebgu b [hevrb_
Zi_jlmju <ke_^kl\b_ wlh]h kbevgh_ \ebygb_ gZ \_ebqbgm bgl_]jZeZ
fZ]gblgh]h ihey hdZau\Zxl djZ_\u_ ihey Ihwlhfm g_h[oh^bfh [ueh
h[_ki_qblv lhqgh_ baf_j_gb_ fZeuo \_ebqbg fZ]gblguo ihe_c >ey lh]h
qlh[u ijh\h^blv baf_j_gby k ohjhr_c hlghkbl_evghc lhqghklvx ihjy^dZ

±
 g_h[oh^bfh ih^^_j`b\Zlv baf_jbl_evgmx kbkl_fm \ khklhygbb
h[_ki_qb\Zxs_f baf_j_gby k Z[khexlghc lhqghklvx  =k ij_^_evghc ^ey
^Zlqbdh\ OheeZ K wlhc p_evx _`_^g_\gh i_j_^ gZqZehf baf_j_gbc \
h[yaZl_evghf ihjy^d_ hkms_kl\eyebkv ke_^mxsb_ l_ogbq_kdb_ f_jhijbylby
± ijh]j_\ ^Zlqbdh\ OheeZ aZiblu\Zxsbf bo lhdhf \ l_q_gb_  ±  qZkh\
± baf_j_gb_ b i_j_aZibkv gme_\uo agZq_gbc ^Zlqbdh\
± dZeb[jh\dZ ^Zlqbdh\ k ihfhsvx YFJ gZ jZ[hq_f mjh\g_ ihey
Baf_j_gby dZ`^h]h dhjj_dlhjZ hkms_kl\eyebkv ihke_ ijh\_^_gby
klZg^Zjlgh]h ghjfZebaZpbhggh]h pbdeZ khklhys_]h ba ljh_djZlgh]h
f_^e_ggh]h ih^tzfZ b himkdZgby \ha[m`^Zxs_]h lhdZ hl  ^h  Zfi_j <
^Zgghf kemqZ_ lZdZy ijhp_^mjZ hdZau\Z_lky ^hklZlhqghc qlh[u \ ij_^_eZo
aZ^Zgghc lhqghklb gZ fZ]gblgu_ k\hckl\Z fZ]gblhijh\h^Z g_ hdZau\Zeh
\ebygb_ ij_^u^ms__ khklhygb_ klZeb Baf_g_gb_ \_jog_]h agZq_gby lhdZ \
pbde_ ghjfZebaZpbb hl  ^h  Zfi_j baf_gy_l \_ebqbgm ihey b bgl_]jZe
ihey \ fZ]gbl_ gZ % < lh `_ \j_fy rbjbgZ i_leb ]bkl_j_abkZ gZ
kj_^g_f mqZkld_ djb\hc gZfZ]gbqb\Zgby ^hklb]Z_l ÷% qlh \ugm`^Z_l
kh[ex^Zlv g_baf_ggmx ihke_^h\Zl_evghklv ijb j_]mebjh\d_ lhdZ kf
Jbk b 

